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OBJECTIVE

To characterize immune checkpoint inhibitor–associated diabetesmellitus (ICI-DM)
in a single-institution case series.

RESEARCH DESIGN AND METHODS

Retrospective chart review of 18 patients with new-onset ICI-DM following anti–
programmedcell deathprotein1 (PD-1)/anti–programmedcell deathprotein ligand
1 (PD-L1) therapy for advanced carcinomas.

RESULTS

Of 18 patients, 9 had diabetic ketoacidosis (median glucose 27.92 mmol/L; median
glucose before presentation 6.35 mmol/L). Median C-peptide at ICI-DM diagnosis
was low, and it declined during follow-up. Median anti-PD-1/anti-PD-L1 duration
before ICI-DM was 3.65 months (range 0.56–12.23 months). Time to ICI-DM onset
was amedian 1.4months/3 ICI cycles and 6months/10 cycles in those patientswho
were positive and negative for GAD65 autoantibodies, respectively. Time to ICI-DM
onsetwasamedian2.5months/3 ICI cycles and4.8months/8 cycles after anti-PD-L1
or anti-PD-1 therapy, respectively. Significant pancreatic atrophy was seen
radiographically.

CONCLUSIONS

ICI-DM presents abruptly, appears irreversible, is characterized by pancreatic
atrophy, and may occur both earlier following PD-L1 blockade compared with PD-1
inhibition and in those who have positive GAD65 autoantibodies.

Immune checkpoint inhibitors (ICIs) profoundly affect oncologic care by suppressing
physiologic blocks on immune responses, resulting in immune-mediated antitumor
activity. ICIs include agents that block cytotoxic T-cell–associated antigen 4 (CTLA-4),
programmed cell death protein 1 (PD-1), and programmed cell death protein ligand
1 (PD-L1). Autoimmune toxicities following ICI use have distinct clinical presentations
(1,2). Anti-PD-1/PD-L1agentsareassociatedwithnew-onset insulin-dependentdiabetes
mellitus (IDDM) presenting as diabetic ketoacidosis (DKA) or severe hyperglycemia. ICI-
associated IDDM(ICI-DM)appearstooccurmoreabruptlycomparedwithtype1diabetes
(T1D) (3–10). We report the largest single-institution case series of ICI-DM to date,
including characterization of ICI-DM-associated pancreatic atrophy on imaging.

RESEARCH DESIGN AND METHODS

Upon Memorial Sloan Kettering Cancer Center institutional review board approval,
records of patients treated with anti-PD-1/PD-L1 agents and developed new-onset

1Endocrine Service, Department of Medicine,
Memorial Sloan Kettering Cancer Center, New
York, NY
2Weill Cornell Medical College, New York, NY
3Biostatistics Service, Department of Epidemiol-
ogy and Biostatistics, Memorial Sloan Kettering
Cancer Center, New York, NY
4Department of Radiology, Memorial Sloan
Kettering Cancer Center, New York, NY

Corresponding author:MonicaGirotra, girotram@
mskcc.org

Received 23 March 2020 and accepted 14 Sep-
tember 2020

This article contains supplementary material online
at https://doi.org/10.2337/figshare.12974693.

D.J.B. and R.B. share first authorship.

© 2020 by the American Diabetes Association.
Readersmayuse this article as longas thework is
properly cited, the use is educational and not for
profit, and the work is not altered. More infor-
mation is availableathttps://www.diabetesjournals
.org/content/license.

David J. Byun,1,2 Rebecca Braunstein,1

Jessica Flynn,3 Junting Zheng,3

Robert A. Lefkowitz,4 Sarah Kanbour,1 and

Monica Girotra1,2

3106 Diabetes Care Volume 43, December 2020

N
O
V
EL

C
O
M
M
U
N
IC
A
TI
O
N
S
IN

D
IA
B
ET
ES

https://doi.org/10.2337/dc20-0609
http://crossmark.crossref.org/dialog/?doi=10.2337/dc20-0609&domain=pdf&date_stamp=2020-11-05
mailto:girotram@mskcc.org
mailto:girotram@mskcc.org
https://doi.org/10.2337/figshare.12974693
https://www.diabetesjournals.org/content/license
https://www.diabetesjournals.org/content/license


IDDM fromMay 2015 to May 2018 were
retrospectively reviewed. Patients who
developed new-onset hyperglycemia (ran-
dom glucose.7.0 mmol/L) requiring in-
sulin, DKA, or new-onset insulinopenia
based on low random C-peptide levels
(,0.26 nmol/L) were included. Descrip-
tive patient data and laboratory studies,
including random blood glucose values
and associated clinical symptoms, were
collected. Those with prior history of
diet-controlled type 2 diabetes (T2D)
were allowed in the study. Pancreatic
parenchymal volumeswere quantified. A
single board-certified radiologist evalu-
ated images to derive volumetric pan-
creatic parenchyma estimates:

Baseline and last follow-up pancreatic
volumes were derived from three-
dimensional imaging available ;4–24
months before and 4–24 months follow-
ing ICI-DM diagnosis, respectively. Vol-
ume changes around ICI-DM diagnosis,
referred to as pre-DM and post-DM
pancreatic volumes, were assessed by
available scans 3 months before and
after IDDM, respectively. Two-tailed
Wilcoxon rank-sum testing compared
patient characteristics. Overall survival
was estimated using Kaplan-Meier
methodology. Analyseswereperformed
in R version 3.4.2.

RESULTS

A total of 18 patients met the study
criteria (10menand8women).Medianage
at ICI-DM diagnosis was 63.5 years (range
27–78 years).Of the 18patients, 5 hadprior
prediabetes; 1 had prior diet-controlled
T2D; 7 had a family history of T2D; and
1 had a family history of T1D. The most
common primary cancer was melanoma
(n5 5). All patients had stage 3/4 cancer,
and all were treated with other cancer-
treatment modalities (Supplementary Table

1). There were 16 patients who had disease
progression or recurrence after prior treat-
ments; 12 received anti-PD-1 therapy; 5 re-
ceived anti-PD-L1 therapy; and 1 received
anti-PD-1 and anti-PD-L1 agents at different
times. Nine patients received CTLA-4 and
PD-1/PD-L1 blockade (Supplementary Table
2). Themost common presenting symptoms
of ICI-DM were polyuria/polydipsia (n 5 9);
fatigue or generalized weakness (n 5 9);
abdominal pain, nausea, or vomiting (n5 5);
or blurry vision (n 5 4). Nine patients
presented with DKA, and nine presented
with hyperglycemia without DKA. Me-
dian initial glucose was 27.92 mmol/L
(range 18.59–46.9 mmol/L). Median glu-
cose before ICI-DM presentation was

6.35 mmol/L (range 4.38–14.49 mmol/L),
collected a median of 16 days before
ICI-DM (range 11–51 days).Median HbA1c

at ICI-DM diagnosis was 7.25% (56 mmol/
mol), ranging from 5.8% to 9.5% (40–
80 mmol/mol). Median fructosamine
at ICI-DM diagnosis was 337.5 mmol/L
(range 283–520 mmol/L) in six patients.
Median random C-peptide at ICI-DM di-
agnosis was 0.07 nmol/L (range ,0.01–
0.55 nmol/L) (Supplementary Table 3).
Of the 18 patients, 11 trended toward
or had undetectable C-peptide levels
(Supplementary Fig. 1); 3/10 patients
had elevated amylase levels at ICI-DM
diagnosis; and 4/10 had elevated lipase
levels. Glucagon levels evaluated in six
patients were within normal range or
above. There were 5 of 12 patients who
were positive for GAD65 autoantibod-
ies. HLA class I bias was not observed
(Supplementary Table 4).

Pancreatic imaging was analyzed in
18/18 patients. Significant pancreatic
atrophy was seen following ICI-DMwith-
out clinical pancreatic exocrine insuffi-
ciency (Fig. 1) (Supplementary Table 5).
There was no increase in imaging rates
of pancreatitis/fat stranding within the

pancreas parenchyma relative to ICI-DM.
Median anti-PD-1/PD-L1 treatment du-
ration before ICI-DM presentation was
3.65months (range 0.56–12.23months).
ICI dose exposures before ICI-DM diag-
nosis varied widely (Supplementary Table
6). Of 18 patients, 8 received steroids for
other indications; only 5 received steroids
within 90 days, and 2 received themwithin
7 days of ICI-DM diagnosis (Supplemen-
tary Table 7).

All patients were treated with insulin
and subsequently required basal and
bolus regimens. After 3–6 months of the
ICI-DM diagnosis, the required median
insulin total daily dose was 0.49 units/kg
(range 0.2–1.03 units/kg). There were 13
of 18 patients who had follow-up HbA1c
levels available 3 months to 2 years after
diagnosis with varied diabetes control
(7.5% [58 mmol/mol], range 6.1–9.2%
[43–77 mmol/mol]) (Supplementary Fig.
2). Median follow-up of survivors after
ICI-DM onset, since cancer diagnosis,
and since anti-PD-1/PD-L1 therapy ini-
tiationwas 19.2months (range 0.19–29.7
months), 65.1 months (range 22.6–
154.8 months), and 22.6 months (range
0.9–33.4 months), respectively. Four pa-
tients had complete response to ICI ther-
apy. Disease progression occurred in 10 of
18 patients (Supplementary Table 8). At
the end of follow-up, four patients died.
Four experienced other endocrine ad-
verse events attributed to immunother-
apy: adrenal insufficiency secondary to
hypophysitis (n 5 1) and primary hypo-
thyroidism (n 5 3). Other ICI-related
adverse events included gastrointesti-
nal toxicity (n 5 4), hepatotoxicity
(n 5 6), and dermatologic toxicity
(n5 8) (Supplementary Table 9 and Sup-
plementary Fig. 3).

CONCLUSIONS

ICI improves survival by activating T-cells
to restore antitumor immunity. However,
normal tissues may be affected, leading
to immune-related adverse events. ICI-
DM presents with acute marked hyper-
glycemiaor life-threateningDKA. Themost
recent random blood glucose levels mea-
sured within weeks before ICI-DM were
predominantly normal or only mildly
elevated, confirming acute hyperglyce-
mia.MedianHbA1candfructosamine levels
were also consistent with acute marked
hyperglycemia versus a long-term process
over months preceding testing.
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Anti-PD-1/PD-L1durationbefore ICI-DM
onset ranged from;2weeks to 1 year and
from1to23 ICI cycles.All randomC-peptide
levels were low, with most becoming un-
detectable during follow-up, supporting
b-cell destruction as being progressive
and irreversible. Normal or elevated

glucagon levels in our cohort may indicate
pancreatic a-cell preservation. Median to-
tal daily dose of insulinwas consistentwith
an insulin-sensitive phenotype as in T1D.
Patients with ICI-DM are typically middle-
aged or older adults who suddenly acquire
this life-changing diagnosis.

We estimate the incidence of ICI-DM
to be 0.37% based on the number who
received anti-PD-1/PD-L1 therapy atMe-
morial Sloan Kettering Cancer Center
during the study, in comparison with
previously reported rates of 0.2–1.27%
(1,10). Exploring factors that predispose

Figure 1—Computed tomography (CT) imagesof baseline andpost-IDDMpancreas.On thebasis of data from18/18patients, at baseline, before ICI-DM
diagnosis, median pancreas volume was 76.63 cm3 with a mean6 SD of 90.206 33.4 cm3, and pre-ICI-DM pancreas volumes were similar to baseline
volumes. Immediately (approximately#3months) after the IDDMdiagnosis, median pancreas volume significantly declined to 63.65 cm3 (P, 0.001),
with amean6SDof 73.87634.9 cm3. Pancreatic atrophycontinuedat the last available follow-upabdominal image,witha53.92 cm3medianpancreas
volume (P, 0.001) and a mean6 SD of 59.906 24.7 cm3. Pancreas volume declined by a median 16% (interquartile range 10–25%) after the IDDM
diagnosis and 31% (interquartile range 27–40%) at the last available follow-up image relative to baseline. The same radiologist also reviewed
10sequential patientswhopresentedwithoutdiabeteswhohad receivedanti-PD-1/anti-PD-L1 therapy.Pancreatic atrophywasnot seen inanyof these
patients during ICI therapy. Patient A was a 58-year-old female treated with combination anti-CTLA-4 and anti-PD-1 therapy for stage 4melanoma. A:
Pretreatment CT scan demonstrates no evidence of pancreatic atrophy (arrows). B: Posttreatment scan 2 months after IDDM diagnosis again
demonstrates no pancreatic atrophy (arrows). C: The last follow-up scan 3 years after ICI therapy demonstrates a significant decrease in pancreatic size
(arrows) consistent with atrophy. Patient B was a 52-year-old male with metastatic renal clear cell carcinoma who had received anti-PD-1 therapy. D:
Baseline scanprior to ICI therapywithnormal-sizedpancreas.E: Follow-up scanafter ICI therapyat the timeof IDDMdiagnosis. Thearrowdemonstrates
no evidenceof pancreatic body atrophy. F: The last available follow-upCT2 years after ICI therapydemonstrates thedevelopmentofmarked atrophyof
the pancreatic body (arrow). Patient C was a 59-year-old male treated with anti-PD-1 therapy for metastatic melanoma who did not develop diabetes
following therapy. G: A baseline scan prior to ICI therapy demonstrates a normal-sized pancreas. H: The last available follow-up CT 2 years after ICI
therapy demonstrates no change in the size of pancreas since baseline.
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patients to ICI-DM development, such as
HLA-DR4, may help determine at-risk
patients (7). Although our sample size
was not large enough statistically, time
to ICI-DM onset may be shorter in those
patients who are positive for GAD65
autoantibodies, as median time to ICI-
DM was 1.4 months/3 cycles versus 6
months/10 cycles in GAD-negative pa-
tients (Supplementary Table 8). This
has been hypothesized by others as
well (8,9,11).
The accelerated manifestation of ICI-

DM is reflected by volume loss of pre-
viously normal pancreatic parenchyma,
and it has also been described in non-ICI
T1D (12–14). Median pancreas volume
declined significantly from baseline be-
fore ICI-DM diagnosis to after ICI-DM di-
agnosis (median216%), with continued
significant decline at long-term follow-up
(median 231%).
Although our series lacks sufficient

power to detect significant subgroup dif-
ferences, we recognize novel trends war-
ranting further investigation. It is possible
that time to IDDM is shorter in the anti-
PD-L1group(median2.5months/3cycles)
compared with anti-PD-1 group (median
4.8 months/8 cycles) (Supplementary
Table 10). Therewere no apparent time to
IDDMdifferencesbetweengroupsreceiving
combination ICI therapy versus monother-
apy (Supplementary Table 9). Lastly, au-
toimmune toxicity from ICI may be
associatedwith improvedcancer-specific
mortality, as an overly robust immune
systemcould lead to increasedantitumor
efficacy. Future evaluation of this rela-
tionship between ICI-DM and antitumor
efficacywould be of great interest (15).As
immunomodulatory therapies become
prevalent, ICI-DM cases will increase.
Understanding the novel presentation

and natural history of ICI-DM, given its
potentially life-threatening nature, is
critical.
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